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Computer simulation program for investigation of
geochemical sampling problems
By R. N. Eicher and A. T. Miesch’
Introduction

An important difficulty encountered with the application of
statistics and experimental design techniques to many geologic problems,
as well as to problems in other fields, is that the success or failure
of the techniques can only be evaluated theoretically or intuitively;
for example, in sampling of a granite pluton to determine its bulk
composition various sampling plans can be used and a number of different
type mean compositions might be computed -- but the pe.rticulér sampling
plan and the particular mean that tend to provide the most accurate
answer from the fewest samples remain a theoretical speculation.

This program has been prepared as an experiment designed to help
evaluate the probable degree of success of various sampling plans that
could be used in geologic and geochemical field problems, and to gain
a better understanding of factors affecting fre@ency distributions and
other statistical properties of geologic and geochemical data. The
geologic aspects of the problem and the basic theory of the technique
have been presented elsewhere (Miesch, Connor, and Eicher, 1964). The
purpose of this report is to describe the details of the program and to
provide instructions regarding its use. The program (Appendix D) is in
AIGOL 58 and has been used on & Burroughs 220 computer with 10,000

words of core memory and magnetic tape.



A conceptuel rock body is defined, or an actual rock body is
simulated mathematically, and then "sampled" according to various
plens. The results of the sampling, the sample values, are then
processed through various other statistical programs (see Miesch and
Eicher, 196L) in an attempt to recover the known parameters of the
mathematical model. Sampling designs and statistical methods may
then be compared for their relative success in this respect. It
is a.nticipa'ited that the success of various techniques will vary with
the geologic and geochemi‘ca.l conditions simulated in each use of
the program. '

Mathematical models of rock bodies

In design of the program it has been assumed that spatial
variation of rock body components and attributes of interest can be
‘described, f:;r the most part, by one or several low-order polynomial
functions, plus a randomly distributed residual component having one
of several types of frequency distributions. The independent varisbles
of the polynomial functions are the X, XY, XYZ spatial coordinates,
depending on whether the model is 1, 2, or 3 dimensional. Each model,
therefore, is bulilt on an X, XY, XYZ coordinate framework. Dis-
continuous, as well as continuous, types of spatial variation can be
described by the polynomial functions, and the variances of randomly
distributed residual components may or may not be homogeneous over
the model framework.

The main output from the program is a set of N sample va.lues.,

Vs, each representing a measurement of some kind on a hypothetical



rock sample. The sample values are generated by evaluating the model
at coordinate pointﬁi and are functions of the parameters built into
the models.
The jth sample value, Vj, of N total sample values (1 < J <N < 9999)
ié given by the expression: ' '
Vs = psTy + PagR1y + psoRzy + P5110R13 + PsalOsz + Psz(lORld + C,)
+ P54(10R2l+02) + pssREy + pseR3s + P57(RLJ)* + Psa(de)*
+ psgotan Rij + pgotan Ray + persin Ryy + pez2sin Ray + pescos Ryy
+ pe4C08 Rpy + DPesQiy + PesQay, (1)
where ' )
) p=0Oorps= l;/and the subscript number of p is the option
nmmber (see option card format in table 1).
2) If.ps = 1 and the model is one dimensional (i.e., representing
a trace or traverse), then,
Ts = peT111y + P7T1125 + PeTi21y + PoTizz2s + ProTiz1y + P1aTi32;
+ p12l1415 + P13Ti423 + PI;TLSLJ + p1sTis2y, (2)
where T, is a polynomial function with one independent variable, X.
The second subscript number of T indicates the degree of the polynomial.
For exgmple, if all values of pg through pis equal zero except pg, D7,

and py4, then

y Ps through psy in equations (2), (7), and (11) may also equal
2, 3, or 4 for selected special options to be described later.
However, in such cases p is replaced by one or zero prior to evalua-

tion of the equations.




Ty = Ty113 + Ti12y + Tisay, (3)

Ti1114 = 89 + 81Xy, (4)
Ti125 = bg + b1Xy, - (5)
Tis1y = Co + C1Xy + coXj + caXj + caX} + csXj, (6)

where the a, b, ¢, ... coefficients are input.

If ps = 1 and the model is two dimensional (i.e., representing
a map or areal problem), then

Ty = p1gT2113 + P17T2125 + P1eT2213 + P1gTa22y + PaoTazy

+ p21T2325 + P22T2415 + P23T2425 + P24T2sry + PasTaszs, (7

where T, is a polynomial \function with two independent variables, X and
Y. The second T subscript again indicates the degree polyncmial. For

example, if all values of pig through Pas equal zero except py;s and

Pig, then
Tym Ta113 + T2214, (8)
Ta113 = 89 + a1 Xy + ag¥y, | (9)
Tozyy = bo + b1Xy + baX; + ba¥; + beXyY; + bu¥l. (10)

If ps = 1 and the model is three dimensional (i.e., pertaining
to variation in three dimensions within a rock body), then
Ty = DagT3113 + P2?3125 + P2sT3215 + P29T3225 + P30T331y
+ pz1T332), (11)
where T3 is & polynamial function with three independent variebles,
X, Y, and Z. The second subscript of T _again indicates the degree

polynomial. For example, if all p coefficients are zero except pgs,
then '



Ty = T3213, (12)
Ts215 = 80 + 81Xy + 82XF + as¥; + a4X;¥y + as¥] + aeZy
+ a7XyZy + 8g¥yls + 8923, (13)

An option in the program allows inclusion of discontinuous trend
functions in the models. These discontinuous functions are used to
simulate stable variation that is restricted to same paﬁt of the
simulated rock body, such as local anomalies or locally distributed
rock types within the larger rock body. Inclusion of discontinuous
trends is accomplished by adjusting the constant term in one of the
polynomial trend functions (&g, bo, OF co in equations 4 to 6, for
example) so that trend values, Ty; of zero fall on the margins of the
part of the model thg; ie to contain the discontinucus trend. Then
the polynomial function is evaluated in the program for specific
coordinate values, and either negative or positive values of T; can
be replaced by zero, depending on the option chosen. Negative
values of a trend function are replaced by zero if the corresponding
value of ps through pxy is set equal to 2. Positive values are
replaced by zero if pg through psy is set equal to 3. If pig in
equation (7); for example, is set equal to 2 on input, then Tpy1y =
8g + a;X; + agYy only where the quantity ag + ayX; + az¥; is
positive. Where this quantity is negative T2315 = 0. If p3g is
set equal to 3, Ta114 = 89 + 83Xy + az¥; only where the right side
of the equation is negative. Where the right side of the equation

is positive, Tau.: = 0,



3) Each of the 16 possible sets of Riy (Ryj, or Rz in equation 1)
consists of N normally distributed values with the population mean of

each set constént over the XYZ coordinates of the model framework. The

population means and variances of Ri; are specified and may be aifferent. .

for each of the 16 sets. The term lORiJ represents a set of N random
numbers, RLgij, whose logarithms are normally distributed. The term
(lOR‘3 + Cy) represents a sef of numbers, RICij, whose logs are
normally distributed if taken after increasing (or decreasing) the
mmbers by & specified constant, Cy (cf. Krige, 1960). The term Rig
represents a set of numbérs, RSRiy, whose square roots are normally
distributed. The term (th)i represents a set of numbers, RSQgj,
whose squares are normally distributed. The term tan Rij represents a
set of numbers, RAT;j;, whose arctans are normally distributed. The
term sin Ryj represents a set of numbers, RASy;, whose arcsins are
normally distributed, and the term cos Ryy represents a set of numbers,
RACi;, whose arccosines are normally distributéd.

The 16 sets of Riy are generated from corresponding sets of RNy,
where RNyy is normally distributed with population meen equal to zero,
end population variance equal to one. The transformation is

Reg = g¢RNyy + pg, ° (14)
where g3 and p4 are the pépulation stendard deviation and meen,
respectively, of Ryy. If the various seis of residuals are to be
attached to different models, the same set of RNgj; may be used to

generate all sets of Rgy, or different sets of RNyiy may be used.



Each set of RNjj is derived from a set of uniformly distributed
random numbers, using a transformation technique described by Kahn
'(1956, P. 12). The uniform random numbers are generated by a con-
gruential method (Taussky and Todd, 1956, p. 17).

When Ryj is generated from (1L), the variance of Ryy will tend
to be constant over the entire model; i.e., cf is independent of the
model coordinates and is homogeneous. Heterogeneous variance of Ry
may be generated by letting oy in (14) vary as a polynomial function of
the model coordinates. This is accomplished by setting any value of
Ps through psz in (2), (7), or (11) equal to 4. The standard deviation
term, o1, in (14), then, is replaced by a value of Ty corresponding
to the value of pg through psi which was set equal to 4. The option
for heterogeneous variance in the residual may only be used when the
population of residuals is normally distributed and when only one set
of residuals is included in the model; i.e., p4g Or pso in equation
(1) must equal one and ps; through pes must equal zero. Whenever a
trend, Ty, 1s to replace a standard deviation, ¢i, in using heterogeneous
variance it cannot be used as a component part of the model.

L)y Qi5 and Qp; are sets of any N arbitrary values, and can be
used to insert sets of extreme values or other irregularities into the
model. - Values of Q33 and Qpy are given as input and each value is
added to the model at the X, X;¥;, or X;¥;Z; coordinate position having
the same subscript value, J. If the coordinates are generated in the
computer the location of a specific Q value will not be predictable,

especially if the model is sampled randomly (see following section).



'If cell sampling is used the locations of Q will be known only apprbxi--
mately, i.e., the cell in which Q1; or Qay will be ﬁsed will be known
ﬁut its position within the cell will not. If the part of the model
‘where Q will be used must be known precisely, and where random or cell
sampling coordinates are generated in the program, two passes in the
program are needed. The sampling coordinates are found on the first
pass, the coordinates are then examined to detérmine the appropriate
values of Qi3 and Qg3 to be used on the second. By use of the same
starting random number (fig. 1) on the second pass the same coordinates
will be generated. ‘
Sampling the models

The X3¥;2; coordinates, defining locations where the model is to
be sampled, may be either input into the program or generated in the
computer. Gilving X;Y;Z; coordinates as input, of course, allows the
user to employ any sampling plan whatsoever. If X;Y;Z; are generated
in the computer one of several sampling plans may be employed:. 1)
random sempling, 2) cell sampling, & form of stratified random sampling,
or 3) variations of cell sampling wherein only selected cells are
sampled (e.g., nested sampling).

In random sampling, N values of T; are computed at N random
X3Y3Z; locations falling within the prescribed limits of the model,
and summed with values*of'R or Q representing additional terms in the
model being examined.

In cell sampling the model is divided into cells specified by

increments of the X;Y3;Z; coordinates, and a number of sample values



are computed at random locations within each cell. The cell may be
an increment on a traverse, a rectangular area on a plane, or a
rectangular volume within a three-dimehsional model. The total number
of cells within the model framework is given by NC = NCX  NCY « NC2Z,
where NCX is the number of cells along the X coordinate of the model,
NCY is the number along the Y coordinate, and NCZ is the number along
the Z coordinate. The sample values, Vy, from within a single cell
may be listed on ocutput éeparately or their aversge may be listed,
depending on the type of output selected. Simllarly, the X;Y;Z;
locations of each sample ﬁay be listed, or their averages may be
listed. A further provision of the program allows the average sample
value of each cell to be listed with the X;Y;Z; coordinates of the
center of the cell.

A special pﬁrpose for which this program was designed is to
examine the variation in efficiency with increasing numbers of sample
values in cell sampling. Consequently, provision has been made to
allow one to take, say 2 samples per cell, and then add, ssy 4 more
samples in each cell. (The number of samples taken from one cell to
another need not be the same, however.) The first listing of average
V3 values representing the cell will include averages based on 2
samples per cell. The second listing will be of aversges based on
6 samples per cell or on as many samples as specified per cell. One
may use as many as 8 sample subgroupings per cell. The first sﬁﬁgroup
is equivalent to a p?eliminary sampling excursion, and each subsequent
subgroup 1s equivalent to a return trip to the fleld for the collection

of more samples to be added to those collected previously.



Generation and use of pseudo-random mumbers
Pseudo-random numbers, generated in the program, are used for two .
| purposes: 1) the derivation of random and cell'samgling coordinates,
and 2) the generation of sets of trend residuals, Ryy. Uniformly
distributed numbers, RR values, are used to derive sampling coordinates,
and normally distributed numbers, RN values, are used to derive the
residuals (see equation 1k).

The procedure used to derive RR and RN values is diagrammed on
figure 1. The RR values are derived by a congruential method (Taussky
and Todd, 1956, p. 17), a;d a rejection technique (Khhn, 1956, p. ul)
is used to transform them to RN values if trend residuals, rather than
sampling coordinates, are to be determined. Each pass through the
procedure on figure 1 produces one value of RR and RN. The value RR}
~which is given on output, is used as a beginning value in the next
pass through the procedure when additional random numbers are needed
in the computations. The first value of RR is taken from columns

68 - TT of the option card on the first pass through the procedure.

This value, the "starting random number," is a positive 10-digit integer

chosen by the user.
Operation of the program
Input to the program consists of an identification card, an
.option card, as many as 7 types of parameter cards, and one or more
sentinel cards. The types of parameter cards needed depends on the
problem involved and is partly dependent on the use of various output

symbols. Computing instructions are given completely on the option
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card and its format and use are discussed here. The formats of the
identification and parameter cards are described in a following section.
Option card: The format of the option card is given in table 1
which may be used as a guide or check list in completing the card form.
The card columns 5 - 31 and 49 - 66 on the option card corresﬁond to
the subscripts of p in equations (1), (2), (7), and (11).
The number of sample values, V;, to be evaluated from the model

is given in columns 1 - k.

If a trend component is to be included in the general model
(equation 1) a 1 is enter;d in column 5. Otherwise column 5 should
be zero or blank.

If the model is 1 dimensional, the trend component, 1f included,
is a function of only one independent varieble, the X coordinate; at

least one of the columns 6 - 15chould contein a 1 to 4. A 1 is used

if the frend is to be con?inuous across the entire model, 2 or 3 is
used if the trend is to be discontinuous, and a U4 is used if the
purpose of the trend is to generate heterogeneous residual variance.
If a 2 is given the trend value, Ty, is set equal to zero if Ty < O.
If a 3 is given, Ty is set equal to zero if T; > O.

The first subscript of T on table 1, as in equations (1) to (13),
denotes the dimensions of the model; the second subscript denotes the
degree of the polynomial function used to describe the trend. Each
model may contain 2 trends of the same dimension and degree; these are
distinguished by the third subscript of T. The fourth subscript, J,

denotes the sample value mumber (1 < J <N).



Table 1.--Format of the option card

(all entries are right justified, blank = O)

Card column Value Remarks
1-15 1 <N<9,999 | Number of sample values
1 (3 max).
5 TC=0or 1l If TC = 1, trend components
are used in the model.

(] 6 0 to b T1113 trend component used?
T do. Ti1123 do.
8 do. T1214 do.
9 do. T1224 do.
1-dimensional 10 do. Ty313 do.

model <
11 do. T1323 do.
12 do. Tis1y do.
13 do. Tir423 do.
1k do. Tisiy do.
\_ 15 do. Ti1s2y do.
4 16 do. Tor1s do.
17 do. To123 do.
18 do. Ta213 do.
19 do. To22j do.
2-dimensional < 20 do. Ta313 do.
model

21 do. Ta3os do.
22 do. To414 do.
23 do. To42y  do.
24 do. Tos1s do.
- 25 do. Tosoy do.

15




Table l.--Format of the option card (continued)

(211 entries are right justified, blank = 0)

Card columm Value Remarks
=
% 0 toh T34 trend component used?
27 do. Ta125 do.
3-dimensional 28 do. Ta214 do.
model
29 do. T3223 do.
30 do. T334 do.
\ 31 do. T332y do.
32 GR=0or 1l If GR = O coordinates, X,
Y, and Z are given as
input; if 1 they are
generated in the program.
33 CU=0Qor 1l If cell sampling is to be
performed, CU = 1;
otherwise CU = O.
34 . 3% 0 < FC < 225 NC = total number of cells.
NC = O if CU = 0.
NC = KCX » NCY - KCZ.
37 - 39 0 < RCX < 225 | NCX = number of cells
counted along X direction
of model.NCX = 0 if CU = O.
ko - L2 0 < NCY < 225 | NCY = mumber of cells counted
along Y direction of model.
NCY = 1 if model is
l-dimensional. NCY = O
if CU = O.

1k



Table l.--Format of the option card (continued)

(all entries are right justified, blank = O)

Card column Value Remarks

b3 - 45 0 < NCZ < 225 | NCZ = mumber of cells counted
along Zvdirection of model.
NCZ = 1 if model 'is 1 or 2
dimensional. NCZ = O if
CU = 0.

ke 0<NS <8 NS = number of subgroups
within cells. NS = O

if CU = O.

b CC=0orl If CC = 1, and if output
symbol (col. 67) = L or 8,
the XYZ coordinates of

P geometric centers of
sampling cells are given
on output.

L8 RT = O or 1 'If RT = 1, trend residuvals
are to be computed.

Types of trend residuals

Lo Oorl Rly = Ry,

50 do. R2y = Ray

51 do. RL1y = 1073

52 do. RI2; = 1082

53 do. RIC1; = 1073 + ¢y
54 do. RLC2; = 10823 4 ¢,

15



Table l.--Format of the option card (continued)

(all entries are right justified, blank = 0)

Card column Value Remarks
55 Oorl RSR1; = Ri,
56 do. RSR2; = Ra,
57 do. | RSQly = Ryt
58 do. RSQ2y = Rg"i
59 do. RAT1; = tan Ry
60 do. RAT2; = tan Rz
61 do. RAS1; = sin Ry
62 do. RAS2; = sin Rpy
63 do. RAC1ly = cos Ryy
6h do. RAC2; = cos Rpy
65 QRy = O or 1 If QR = 1, a Q4 component
is added to the model.
66 QRomOor 1l If QR = 1, a Qoy component
is added to the model.
67 1 < output - See text.
symbol < 9 |
68 - T7 A positive (Needed if GR = 1 or any
10 digit of the options 49 to 64
mumber or are selected; see text.)
RR
8 0<D<S5 If D is not zero or blank
card output is given with
D significant figures.



Table 1.--Format of the option card (continued)

(all entries are right justified, blank = 0)

Card column Value Remarks
79 2 Sequence number
80 b F/B number

17



Exemples showing how to complete columns 5 - 15 of the option
card are given on figure 2. The extension of the procedure to 2- and

3-dimensional models, using column 5 with columns 16 - 25 or 26.- 31,

will be obvious.
The coefficients of the trend equations to be used must be .

determined and given as input on "trend coefficient"” cards to be

described in a later section. Where the equations ;re higher than
degree 1 or 2, we have found that the coefficients are most easily
determined by least squares solutions employing values read from
curves drawn to approxima%e the configuration of the trend we want
to use.

As indicated on teble 1, a 4 may be placed in columns 6 - 31.
This is done when trend residuals with heterogeneous variance are to
be added to the model. In this case, only one of the card columns
kg - 64 may contain & one; the remainder must be blank or zero. If
heterogeneous trend residuals are used, the term ¢g; in equation (1k4)
is replaced by the trend value whose subscript value of p is 4. That
is, the standard deviation, o3, of the trend residuals varies as a
polynomial function of the XYZ coordinates of the model. The coef-
ficients of the function must be given on trend coefficient cards,
Just as when the trend functions are used for purposes previously
described. However, although this trend has been evaluated it cannot
be used as a component part of the model.

If sampling coordinates, or coordinates at which the model is to

be evaluated, are given on input, a zero is placed in column 32 of the
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option card, and the coordinates are given on "sampling coordinate"

cards described in aalater section. If the sampling coordinates are
generated in the program, column 32 should contain a 1, and "model

1limit" parameter cards, described in a later section, should be .

completed.
If cell sampling is to be employed, column 33 should contain a

1, and "cell sampling" cards, described in a later section, must be

completed. ‘

The total number of cells in which the model is to be divided is

given in columns 34 - }6:

The number of cells along the X direction of the model is given .

in columns 37 - 39.

The number of cells along the Y direction of the model is given

in columns 40 - 42. For l-dimensional models, NCY = 1.

The number of cells along the Z direction of the model is given

in columns 43 - 45. For 1- and 2-dimensional models, NCZ = 1 (Note:

NC = NCX ¢ NCY ¢ NCZ; NC = NCX = NCY = NCZ = O when CU = 0; and
NC kO, NCX k O, NCY 4 O, NCZ 4 O when CU = 1.).

The value, NS, in column 46 indicates the number of stages in

sequential sampling of cells. Each stage is treated as an individual
problem, and NS sets of output are obtained (Note: If CU = O, NS = 0.).

See later section on "cell sempling" cards.

If the coordinates of the gecmetric centers of sampling cells are
to be given on output along with corresponding cell averages, a 1 should

be punched in column 47 end “cell center" cards, described in a later




section, must be completed. (Note: If CU = O, then CC = O; CC must
equal 1 if column 67 contains a 4 or 8; CC may equal 1 or O if
column 67 contains & 9; CC must equal O if column 67 contains a 1,
2, 3, 5 6, or 7.) See later section on output options.

If trend residuals are to be added to the model column 48 must
contain ; 1.

Columns 49 - 64 are used to indicate the types of frequency

distributions the trend residuals should exhibit. As many as 8 types
and 16 individual sets of residuals may be used. Symbols given on

output identifying the types and set are as follows:
Selected by inserting

Type Symbol Normal variate is: Set a 1 in column:
1 Rl R1 1 g
R2 R2 2 50
2 Rl - log(RL1) 1 51
RL2 log(RL2) 2 52
3 RIC1 log(RLC1 + C1) 1 53
RLC2 log(RLC2 + C2) 2 54
b RSR1 /RSRL 1 55
RSR2 JReRE 2 56
5 RSQL RSQ12 1 57
RSQ2 RSQ22 2 58
6 RATL  arctan RAT1 1 59
RAT?2 arctan RAT2 2 60 ,
7 RAS1 arcsin RAS1 1 61 '
RAS2 arcsin RAS2 2 62
8 RAC1 arccos RAC1 1 63
RAC2 arccos RAC2 2 64

As briefly described in a previous section, each set of residuals

is generated by transforming a set of normally distributed pseudo-random



numbers, RN, having a population mean of zero and variance of one. No
transformation is required for sets of Rl and R2. Values of Ry
(1<1<2; 1<) <N) are used directly as derived from equation (14),
and have a population mean of ui and variance of cf. Other types of
trend residuals alre derived from va.lut;:s of Ryy as indicated in equation (1).
All sets of trend residuals used on the same model are generated
from different sets of RN and Ryy values. The properties of the popula-
tion from which each set of residuals is derived depends on the type of
frequency distribution specified on the option card and on the values
of o1 and ug specified for each set of Ryy values on "MSC" cards des-
cribed in a later section. The properties of the actual set of computed
residuals depends on the properties of the specified population and on
the particular set of RR and RN values encountered in the program.
These “sample pecularities," as well as the population characteristics
of the residuals, mag be kept constant from one model to another by

proper use of the "starting random number” in columns 68 - 77 of the

option card. This is described in detail in succeeding parsgrephs.
Q~-components are added to the model by placing & 1 in columns 62
or 66 of the option card and recording N values for each Q-component on

"Q-can_ponent" cards. The format of these cards is described in a

later section.

The output symbol, recorded in column 67 of the option card,
determines the output information that is listed and punched and, to
same degree, the flow of the progrem. The symbol can be any integer |

fram 1 to 9. TFour types of output information cen be obtained; two of
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these apply only when cell sampling is employed. The cell sampling
coordinates can either be given as input or generated in the program.

Type Option symbol Information on listing and punched cards

A * lors V; from equation (1) and the XYZ sampling
coordinates.
B 2or 6 V; from equation (1), all component terms given

on the right sides of equations (1)}, (2), (7),
and (11), and the XYZ sampling coordinates.
@ll camponent terms not explicitly evaluated
ére set to zero by the program.
c 3o0r T The average V; for each of the NC cells and the
average XYZ sampling coordinates for each cell.
D L or8 The average V; for each of the NC cells and the
XYZ coordinates of the geometric center of
each cell.
Examples of each of these Ut types of output are shown in figure 3.
Output symbol 9 is used in cases where the same trend calculations
and the same sampling coordinates are used for a number of models, so
that evaluation of the trend component for each model separately, as
well as reading of parameter cards for each, is avoided. As an
example, consider the problem of investigation of effects of various
types of trend residuals and Q-components on the detection of a trend,
T2213+ The complete card deck for input to the program may consist of
1) an identification card, 2) an option card with output symbol 9 in

column 67 and options selected for Tpzysy (column 18) and all other
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components to be used in the entire experiment, 3) parameter cards as
required, 4) sentinel cards as required, and 5) identification and
option cards for each model to be examined. Parameter cards, then,
are not required for thesé latter option cards, since the parametric
values will be retained in camputer memory. Output symbol 9 may be
useful even when a trend is not included in the model, Just to save
time in reeding Q-component values and parameters of trend residuals.
When output symbol 9 has been used on the first option card, all sub=-

&
sequent option cards contain the output symbols 5 to 8, rather than

1 to k. \

The function of the output symbol in controlling the flow of
the program is disgrammed in figure 4. The initial identification
and option cards are read first and the output symbol is tested.

If the syﬁboi is 1 to 4, or 9, the succeeding parsmeter cards are
read, and the XYZ coordinate values either read or determined. These
data are stored. The output symbol is tested again and if 1 to h,
the complete modei, V; (equation 1), is evaluated and given on output.
If the output symbol is 9 the next identification and option cards
are read before proceeding to the computation and output section of
the progrem. Subsequent identification and option cards in the
input deck are then read and camputations performed accordingly. .
The pseudo-random numbers.generated by the procedure diagrammed
in figure 1 may be thought of as occurring in a large table. The
particular set of numbers obtained through use of the program, then,

depends on the value in the table with which one starts, and the sets
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Figure 4. Diagram showing function of the output symbol.

See appendix B for explanation of symbols.
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of N numbers obtained in each of several uses will aliaya be the same
if the same starting point is used.

A starting value of RR for use in the procedure diagrammed in
figure 1 is required in columns 68 -~ 77 of the option card if: 1)
random or cell sampling coordinates are to be"generaxed in the computer,
or 2) if trend residuals are_to be included in the model. The starting
value is a positive 10-digit integer.

The starting random number is used first to generate random or cell .
sampling coordinates if these are called for on the option card (GR = 1
in column 32). If the starting random mumber is RRy the last value of
RR used in generatihg the coordinaﬁes is RR3y (this is true regardless
of whether the model has X, XY, or XYZ coordinaxeé). The starting random
number used for generating trend residuals, them, is RRzy, and peculari-
ties of the sample set of trend residuals that is obtained depends on
the valueg of RR that follow RRzy. Therefore, sample sets of trend
residuals with different parameters but with the same sample pecularities
(e.g., a low mean or & tendency toward high positive skewness) may be
obtained by generating each set using the same starting value of RR.

If output symbols 1 to 4 are used in column 67 of the option card,
the starting random number for generation of sampling coordinates and
then trend residuals is always reed from columns 68 - 77 of tﬁe option
card. The sample pecularities of sets of trend resiﬁuala from one run
to another will always be the same if: 1) N is the same for each run,

2) sampling coordinates are generated for both runs or not generated in

either run, and 3) the starting random number is the same for both rums.

y 1



If output symbol 9 is used followed by use of output symbols'5 to
8 on subsequent option cards, RRy is read from the option card containe
ing the symbol 9 and used to generate sampling coordinates (ifGR = 1).
If a sentinel card follows the parameter cards the vaiue of RR;N is
stored in memory (and printed). Subsequent option cards, with output
symbols 5 to 8, may contain another starting random number in columns
68 -« TT or an "R" in column 68. If a number is present it is used as
8 beginning RR value in generating trend residuals (from RN values;
figure 1). If an "R" is present the previously stored RR3y value is used.

Sets of trend residuals (columns 49 - 64) specified on any one
option card containing an output symbol (column 67) of 1 to 8 will
always be generated from different sets of RR and RN values, and any
similarities in their sample pecularities will always be accidental.

If D, in column 78 of the option card, is zero or blank, only a
listing 1s given on output. The format and information given on the
listing depends on the output symbol given in column 67. If D is
given as 1 to 5, punched card output, corresponding to the listing,
will also be given. The data in the listing always contain 5 signif-
icant figures, whereas the quantity V; (equation 1) on the punched
cards is rounded to D figures. Most actual chemical determipations
are reported to 4 figures or less. -

‘ Use of sentinel cards '

Sentinel cards (cards containing the word SENTINEL in columns

2 - 9) serve 2 purposes in the program: 1) to place a final RR value

in memory for repeated use as & beginning value (fig. 1) for generating



other sets, and 2) to print the final RR value so ‘that it can be
recorded as a starting RR value on oﬁtion cards for subsequent runs.

A sentinel card used in the input deck to place the final RR in
memory should always follow paramgtér cards.

A sentinel card used to print the final RR value is always the
last card in the input deck.

Formats of identification and parsmeter cards
o and card sequence
The card sequence of the imput deck for the program depends on the

output symbol used in columm 67 of the first option card:

Output symbol 1 to 4 Output symbol 9
Identification card Tdentification card
Option card (output symbol ‘Option card (output symbol 9)
'f 1 to k) Parameter cards (see p. 36-37)
Parameter cards (see p. 36-37) Sentinel card (optional)

Sentinel card Identification card
- Option card (output symbol
’ : 5 to 8) |
Identification card
Option card (owtput symbol
5 to 8)

Sentinel card
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